A new set of microsatellite loci (simple sequence repeats, SSRs) from the overexploited mangrove crab Ucides cordatus is described in this study. Microsatellite isolation used a highly simplified and inexpensive protocol based on (i) multiple enzyme digestion/ligation; (ii) mixed biotin-labeled probes and streptavidin-coated magnetic bead hybridization capture strategy, and (iii) a double-repeat-enrichment procedure. A genomic library, double-enriched for inserts containing tetranucleotide repeat motifs [(GACA) 6 , (GATA) 7 , (GGAT) 5 and (GTAT) 5 ], was constructed to increase the chance of recovering SSR-containing sequences within DNA fragments. Amplified enriched DNA was cloned and transformed into competent E. coli. Then, positive clones were identified by 'white/blue plaque selection' . One hundred and five colonies were PCR-screened for sequencing, and 72 of these were found to have unique SSR inserts. Microsatellite motifs contained more than five repeats, and most loci were found to have perfect tandem repeats (51.4%), of which 94.4% were dinucleotide and 5.5% trinucleotide. Only 20% of all loci were compound and 28.6% were imperfect repeats containing di-, tri-and/or tetranucleotides. The high frequency of perfect repeat motifs after enrichment is additional evidence of the importance of adopting this procedure for the isolation of SSR. The novel 34 SSRs described in this study are expected to be highly polymorphic and, therefore, useful in population/stocks discrimination of this valuable mangrove species throughout its range, currently subjected to excessive fishing efforts.
INTRODuCTION
The mangrove crab Ucides cordatus (Crustacea: Decapoda: Brachyura), popularly known as Uçá, is among the most important invertebrates of estuarine (mangrove) habitats of the Americas, distributed from the east coast of the USA (Florida) to Southern Brazil (Santa Catarina) (Amaral et al., 2014; Melo, 1996; Coelho and Ramos 1972) .
Due to its wide geographical distribution, the different populations of this crab species may become adapted to the specific environmental conditions of the regions they inhabit. Therefore, intense exploitation (overfishing) and habitat degradation may threaten these separate populations with a serious risk of ex-tinction. The human impact on its natural habitat can lead to a decline in population in terms of abundance, and a possible loss of distinct fishing stocks (Oliveira Neto et al., 2007; Avise and Hamrick, 1996) .
Studies on genetic variation and population structuring of estuarine invertebrate populations are important to assist programs in conservation and to maintain the sustainable management of fishery resources. Population genetic parameters estimated by the use of molecular markers can be applied in the conservation of a threatened species and in the development of a fishery regulation aimed at sustainable use of fishing stocks. These markers are useful in the detection of populations that have different magni-tudes of genetic variability and thus require different management strategies (Avise and Hamrick, 1996) . In this context, DNA-based molecular markers are being more often used in the conservation of genetic resources of commercial interest (Carvalho et al., 2013; Larraín, 2012; Diniz et al., 2005a) .
Microsatellite loci, or simple sequence repeats (SSRs), are highly informative molecular markers and can be of great use for population and conservation genetic studies. SSRs are ideal for the analysis of fine local genetic structures, due to their high levels of intraspecific genetic variability in many taxa, nuclear codominant inheritance and high reproducibility.
Moreover, these markers are also important in assessing the impact of the reproductive behavior, social structure and dispersal in endangered species (Beaumont and Bruford, 1999) . Microsatellites are short, tandemly repeated nucleotide sequences, usually 2 to 6 base pairs varying in the number of repeats, e.g. (CA) n , (ATA) n , or (GATA) n , and are found throughout eukaryote genomes (O' Connell and Wright, 1997; Wright and Bentzen, 1994; Tautz et al., 1986) . Despite their usefulness for stock discrimination and for determining the amount of intermixing that takes place among those stocks, few microsatellite loci have been described for the mangrove crab U. cordatus (Baggio et al., 2011; Britto et al., 2009; Varela et al., 2009) .
In this study, we described the isolation and identification of a new set of microsatellite DNA loci from the overexploited mangrove crab Ucides cordatus using a highly simplified and inexpensive isolation protocol, based on (i) multiple enzyme digestion/ligation; (ii) mixed biotin-labeled probes and streptavidincoated magnetic beads hybridization capture strategy, and (iii) a double-repeat-enrichment procedure.
MATERIALS AND METhODS

Tissue preparation and DNA extraction
Genomic DNA was extracted from the Ucides cordatus pereiopod muscle tissue (approx. 30 mg) using the phenol/chloroform-isoamyl alcohol (25:24:1; v/v) protocol described by Sambrook et al. (1989) . DNA was checked for quality and quantity on a 1% agarose gel electrophoresis with ethidium bromide. Extracts were maintained at -20°C until further analyses.
Genomic library construction and SSR isolation
Microsatellite isolation was carried out as outlined in Glenn and Schable (2005) and Diniz et al. (2005b) , with modifications. Genomic DNA from a single individual (~2 μg) was digested separately with RsaI (0.4 U/µL) and BstUI (0.4 U/µL (New England Biolabs − NEB, Beverly, MA) in the presence of bovine serum albumin (BSA; 0.025 µg/µL) overnight in a PTC-225 DNA Engine Tetrad thermocycler (MJ Research). Optimal enzyme concentration (2 µL) was selected based on the majority of DNA fragments of desired size (500-3000 bp). Genomic DNA digests were recovered using a QIAquick® PCR Purification Kit (Qiagen) and, subsequently, fragments were dephosphorylated at their 5' ends using Calf Intestinal Phosphatase (CIP; 0.17 U/µL; New England Biolabs). Dephosphorylation took place at 37 o C for 2 h. Then, an additional purification step using QIAquick® PCR Purification Kit (Qiagen) was carried out. DNA fragments were ligated to double stranded SuperSNX linkers (SuperSNX24For: 5´-GTTTAAGGCCTAGCTAGCAGAATC-3´ and SNX24+4PRev: 5´-PGATTCTGCTAGCTAGGCCT-TAAACAAAA-3´) with T4 ligase (400 U/µL; New England Biolabs) in the presence of XmnI (0.7 U/µL; New England Biolabs) to avoid adaptor dimerization. The ligation reaction (30 µL) consisted of 20 µL digested-gDNA, 7.0 µL of adaptors (5 µM), 1.0 µL of 1× NEB buffer and 2.0 µL of T4 ligase (400 U/µL).
Linker-ligated inserts were amplified by an asymmetric PCR with SuperSNX24For as primer. Cycle number was optimized to minimize overamplification of products. PCR conditions were as follows: 1× 95 o C for 5min, 20-30× (95 o C for 45 s, 62 o C for 1 min, and 72 o C for 2 min), 1× 72 o C for 30 min. Amplifications were carried out in 50-µL reaction volume containing 20-100 ng DNA, 1× Thermopol buffer (+1.5 mm MgCl 2 ), 0.8 mm each dNTP, 5.0 U Taq DNA poly-merase (Thermopol, New England Biolabs), 0.8 µm of Super SNX-Forward on an MJ Research DNA Engine Tetrad PTC-225 thermocycler.
PCR products (purified linker-ligated DNA) were recovered using Qiaquick PCR Purification columns (Qiagen) and enriched for repeat motifs using subtractive hybridization with biotinylated probes (i.e. Mix: 2,5 µM (GACA) 6 , 2,5 µM (GATA) 7 , 2,5 µM (GGAT) 5 and 2,5 µM (GTAT) 5 ; Operon Technologies, Alameda, Calif.) at 55 o C, and bound to magnetic beads (Dynabeads M-280 Streptavidin; Dynal Biotech Inc., NY).
Following hybridization, according to Glenn and Schable (2005) , the streptavidin-coated beads were washed with decreasing concentrations of saline sodium citrate buffer (SSC) as follows: four washes in 2×SSC, four washes in 1×SSC, and then four washes in 0.5×SSC. All washes were carried out for 5 min in the presence of 0.5 ng/µL SuperSNX24For primer. After the final wash, 30 µL TE (10 mM Tris, 0.1 mM EDTA, pH 8.0) was added to the beads, and the mixture was incubated at 98°C for 15 min to release the DNA from the probes; tubes were spun briefly, and the supernatant containing the heat-released singlestranded DNA was transferred to a clean tube. The enriched DNA recovered from the beads was amplified once again with SuperSNX24For linker to generate double-stranded DNA using the following PCR conditions: 1× 95 o C for 5min, 10× (95 o C for 45 s, 62 o C for 1 min, and 72 o C for 2 min), 1× 72 o C for 30 min. Amplified enriched DNA was cleaned with Qiaquick PCR purification columns (Qiagen) and a second round of hybridization was performed using a small fraction of the post-enrichment amplified inserts, with the same tetranucleotide probes and hybridization conditions described previously.
Enriched and double-enriched fragments were recovered and amplified in 50-μL reactions using 20 mM Tris-HCl, pH 8.4, 50 mM KCl, 2.5 mM MgCl 2 , 25 μg/ μL BSA, 1.0 mM dNTP mix, 0.8 μM SuperSNX-F, 5.0 U of Taq DNA polymerase and 10 μL of the enriched DNA. The following program was used for amplification on an MJ Research DNA Engine Tetrad PTC-225 thermocycler: 95°C for 5 min, 10-30× (95 °C for 45 s, 62 °C for 1 min, 72 °C for 2 min) and 72 °C for 30 min.
Amplified enriched DNA from the double-enrichment procedure was cleaned with Purelink™ PCR purification kit (Invitrogen) and ligated into Qiagen pDrive™ Vector (Qiagen PCR Cloning Kit), which was used to transform NEB 5-alpha competent Escherichia coli (DH5α™ derivative; New England Biolabs). Transformation was achieved by heat shocking at 42°C for 30 s according to the manufacturer's instructions. Transformed bacteria were initially grown for 1.5 h on sterile liquid media on a shaking incubator at 37°C. After the initial growth phase, 100 mL of the culture was spread on culture plates containing 50 µg/mL of ampicillin, and incubated overnight at 37°C. Transformed bacteria were grown in white colonies, while untransformed bacteria yielded blue colonies. Plasmid inserts were amplified directly from bacterial colonies with M13F and M13R and size-fractionated on agarose gels (1.5%). Plasmid DNA of appropriate length (500-1000 bp inserts) was prepared using a QIAprep Spin Miniprep Kit (Qiagen) and cycle-sequenced (96 o C for 3 min, 40× (96 o C for 20s, 52 o C for 20s and 60 o C for 4 min) in one direction with a universal primer (T7/M13F) using the BigDye Terminator v3.1 Cycle Sequencing Kit (Applied Biosystems). Electrophoresis of sequencing products was performed on an ABI 3130 automated DNA analyzer (Applied Biosystems). Confirmed positives were further sequenced for the opposite strand using primers SP6/M13R.
SSR primers designing sequence analysis
DNA sequences (forward and reverse sequences for each individual) were inspected by eye with the aid of the sequence editor, Chromas Version 2.23 (Technelysium Pty Ltd.) and corrected when necessary. Homologous sequences (forward sequence and its reverse complement) containing repeat motifs were aligned on the sequence alignment editor, Bioedit (Hall, 1999) . Alignments were double-checked by eye and refined manually if needed. The online software Websat (Martins et al., 2009 ) was used to identify di-, tri-and tetranucleotides with five or more repeats, and primer pairs were designed on the unique flanking regions of each microsatellite locus using Primer3 (Rozen and Skaletsky, 2000) . Microsatellites were classified as perfect, imperfect or compound (Weber, 1990) .
RESuLTS AND DISCuSSION
Both restriction enzymes (RE), RsaI and BstUI, generated products that included fragments between 300 and 3000 bp, under different concentrations. RsaIdigested DNA, however, produced mainly 300-3000 bp fragments with no specific banding pattern on the agarose gel electrophoresis profile (Fig. 1A) , and was subjected to further experiments. The selection of RE for microsatellite development is more related to the features presented by the genome than the enzyme itself. Therefore, the occurrence of enzyme recognition sites (5'-GT AC-3' for RsaI) on the studied genome determines at which frequency such enzyme will digest gDNA and, consequently, determines the restriction pattern for a specific enzyme (Lynn et al., 1980) . Amplification of ligated DNA, with SuperSNX-Forward as primer in the PCR reaction, was optimized at 20 cycles, to avoid the possible formation of chimeric DNA fragments (Fig. 1B) .
The best results for the amplification of enriched DNA recovered from the beads after the first hybridization step were reached at 25 cycles ( Fig. 2A) . After the second round of hybridization, minimum overamplification of double-enriched fragments was warranted when PCR was carried out with 15 cycles (Fig. 2B) . The use of a double-enrichment protocol provides an inexpensive approach for increasing the number of loci that can be screened, and decreases the costs of genotyping. Even though no recombination problem in the PCR following the enrichment procedure was detected, care should be taken to avoid possible complications. Keeping PCR cycles to a minimum seems to be an effective way to overcome any recombination problem or chimeric DNA fragments.
After cloning and transformation of amplified enriched DNA from the double-enrichment procedure, 105 positive colonies were identified by 'white/blue plaque selection' . PCR amplification of target sequences and subsequent agarose gel electrophoresis revealed 77 clones (73.3%) containing fragments between 500-1000 bp, 22 (21.0%) outside this range and 6 (5.7%) unsuccessful amplifications (Fig. 3) . After sequencing, some repeat regions were found to be too short or had a low GC content to have primers designed on their flanking regions. The number of sequences with repeat motifs not suitable for primer designing was high (49.4%), which might be a consequence of the restriction enzyme used to digest high molecularweight DNA, as well as the choice of probes. Out of 77 confirmed clones, 72 (93.5%) were non-redundant, of which 7 (9.1%) contained sequences with no repeat motifs. Microsatellite motifs contained more than 5 repeats, and most loci were found be of perfect repeats (51.4%), of which 94.4% were dinucleotide and 5.5% trinucleotide. Only 20% were compound and 28.6% of imperfect repeats contained di-, tri-and/or tetranucleotides (Fig. 4) . The locus (UcSSR-29) with the largest number of repeats was a (GA) 31 dinucleotide (Table 1) . The fragment sizes ranged from 81 (UcSSR-37) to 293 bp (UcSSR-20a). The high frequency of perfect repeat motifs after enrichment is additional evidence of the importance of adopting this procedure for the isolation of short tandem repeats.
Despite the fact that the constructed genomic library was probed with tetranucleotide repeats, most microsatellite loci obtained were dinucleotides (Fig.  5) . Similar results were reported in the literature for marine invertebrates (Kaukinen et al., 2004) . The most frequent dinucleotides, (TC/AG) n , (CT/GA) n , (AC/ TG) n and (CA/GT) n , seem to be abundant in other invertebrate species, such as penaeid shrimps (Freitas al., 2007) and Drosophila melanogaster (Bachtrog et al., 2000) . However, the probe sequence composition used for the enrichment protocol, to some extent, may also be likely to increase the ease of capture for repeats containing TC/CT/AG/GA. The nucleotide composition of the repeat sequence is an important factor in understanding the abundance and evolution of microsatellites (Schlötterer and Harr, 2001) .
The success rate of the enrichment protocol using U. cordatus as the target genome was lower when compared to other decapods (e.g. Panulirus argus; Diniz et al., 2005a) ; nevertheless, it was high enough to identify 34 microsatellite loci within the 77 positive clones. Many factors may have influenced the success of the protocol, which may include an excessive concatemer formation caused by the polymerase during 
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Repeat type* PCR steps within the protocol as well as the presence of fewer microsatellites than other invertebrates (Ji et al., 2003) .
The new simple sequence repeats described in this study are expected to be polymorphic and therefore useful in population/stock discrimination of this valuable mangrove species, currently subjected to excessive fishing, throughout its geographical range.
